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We have investigated the pressure dependence of ac and dc susceptibilities (xac and Xdc) of 
the heavy-fermion superconductor CePtaSi (T c = 0.75 K) that coexists with antiferromagnetism 
(Tn= 2.2 K). As hydrostatic pressure is increased, T c first decreases rapidly, then rather slowly 
near the critical pressure P c = 0.6 GPa and shows a stronger decrease again at higher pressures, 
where P c is the pressure at which Tn becomes zero. A transition width and a difference in the 
two transition temperatures defined in the form of structures in the out-of-phase component 
of Xac also become small near P c , indicating that a double transition observed in CePtsSi is 
caused by some inhomogeneous property in the sample that leads to a spatial variation of 
local pressure. A sudden increase in the Meissner fraction above P c suggests the influence of 
antiferromagnetism on superconductivity. 
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1. Introduction 

Ever since the discovery of heavy-fermion supercon- 
ductivity in CePtaSi, 1 ' many studies have been made to 
clarify its unconventional superconductivity. The tem- 
perature dependence of various physical properties, such 
as thermal conductivity 2 '' and magnetic penetration 
depth, 3 ' suggests a gap function vanishing on the Fermi 
surface. The large upper critical field 1 ) and NMR Knight 
shift 4 ) suggest its spin triplet superconductivity, while 
the nuclear spin-lattice relaxation rate has a coherence 
Hebel-Slichter peak at Xc, 5 ' indicating conventional su- 
perconductivity. The possibility of a mixed spin singlet 
and triplet state that is allowed owing to the lack of the 
center of inversion symmetry in the crystal structure has 
been proposed to explain these results. 6,7 ' 

Besides unconventional superconductivity, CePtaSi 
possesses a complex pressure-temperature (P-T) phase 
diagram. Antiferromagnetism (Tn = 2.2 K) and super- 
conductivity (T c = 0.75 K) coexists at ambient pres- 
sure, 1 ' and both Tn and T c decrease with an increase 
in pressure. 8 ' Antiferromagnetism disappears above P c 
= 0.6 GPa, while superconductivity is observed up to 
1.5 GPa. In addition, the superconducting transition al- 
ways shows a large transition width at ~ 0.2 K, 9,10 ' 
and some samples even show a double peak in spe- 
cific heat measurements. u ~ 13 ) Although the possibility 
that the second transition is due to a trace of antifer- 
romagnetic phase 12 ' or unconventional superconductiv- 
ity 11 ' has been proposed, our recent investigation sug- 
gests that CePtaSi contains two superconducting phases 
with different T c 's. 13 ' 

In this work, we investigate the pressure dependence of 
the double superconducting transition by magnetic sus- 
ceptibility measurements and elucidate what causes the 
difference in T c inside CePtaSi. We also report the change 
in the Meissner effect below and above P c . 
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2. Experimental 

We studied the single crystal of CePtaSi denoted as 
C-l in our previous paper, 13 ' which shows zero resistiv- 
ity at 0.63 K and a single transition at 0.4 K in specific 
heat measurements. Details of the producing process are 
provided in previous papers. 9, 10 ' For comparison, a poly- 
crystalline sample, which has a nominal composition of 
Cei.oiPtaSi and was prepared by arc melting method, 
was used also. 14 ' Both samples have a rectangular shape 
with edges of the order of mm. A magnetic field was 
applied along the [100] (a axis) direction for the single 
crystal. 

The sample was mounted in a small mutual inductance 
coil. A piece of superconducting In was mounted also to 
determine pressure by the shift of T c . For the application 
of pressure, the coil was set in a piston cylinder cell with 
Daphne oil (7373) as pressure medium. Both \ ac and Xdc 
were measured using a SQUID and the coil mentioned 
above. Details of the measuring technique at low tem- 
peratures have been described in our previous paper. 13 ' 

3. Results and Discussion 

Figure 1 shows the temperature dependence of ac sus- 
ceptibility Xac = x' + f° r the single crystal under 
hydrostatic pressure, where x' is the in-phase component 
to the current in the primary coil and x" is the out-of- 
phase or energy dissipation component. Since full dia- 
magnetism at ambient pressure was observed in the pre- 
vious work, 13 ' the values of x' at the highest temperature 
are set to and the value at each temperature is calcu- 
lated by comparison with full diamagnetism (47rx' = — 1) 
at P = GPa. In addition to the decrease in T c that 
is already reported, 8,9,15 ' it is found that the transition 
width becomes small between P= 0.3 and 0.65 GPa. The 
second transition that is characterized by a shoulder-like 
structure in x" also becomes obscure at P= 0.3 GPa be- 
cause of the sharp transition. It should be noted that this 
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Fig. 1. Temperature dependence of ac magnetic susceptibility 
(Xac = x' + *x") °f a CePt3Si crystal under different pressures. 
X ac was measured with an ac field of iT ac = 1.2 mOe at 160 Hz. 
The arrows indicate additional shoulder-like structures in \" ■ 




Pressure ( GPa } 

Fig. 2. Pressure dependence of four characteristic temperatures: 
T c + , T c ~ , T 90 % , and T w % . T 90 % and T 10 % are the temperatures 
where the CePtgSi crystal shows 90% and 10% of full diamag- 
netism, respectively. As indicated schematically in the inset, 
and T c ~ are the temperatures where x" reaches a maximum and 
has a local maximum or a shoulder, respectively. The solid lines 
through the data points are guides to the eye. 



transition is not the recently proposed second transition 
that is from the d xz -wave to the d xz ± id yz -wave state, 
since the latter transition should be observed only below 

Pc 16) 

In order to demonstrate the pressure dependence of 
superconducting transition more clearly, we define four 
characteristic temperatures T 90 %, T 10 %, T c + , and T~ as 
follows: x" nas a maximum at T c + and below T c + it shows 
a local maximum or a shoulder at T~ , while T 90 % and 
T w % are the temperatures where x' is 90 % an d 10 % 
of full diamagnetism, respectively. The results are shown 
in Fig. 2. As the pressure is increased, the four temper- 
atures first decrease steeply up to P = 0.3 GPa, then 
change slowly, and begin a stronger decrease above P — 
0.65 GPa. A similar behavior has already been reported 
in specific heat measurements of a single crystal. 8 ) The 
slow decrease in T c probably reflects the vanishing of an- 
tiferromagnctism at P c = 0.6 GPa. 

In our previous paper, 13 ) we have reported AC/DC 
susceptibility of the present crystal and a crystal that 
shows two peaks at T+ and T~ in the specific heat; dia- 



magnetic susceptibility and the Meissner effect of the lat- 
ter sample is larger than that of the present sample near 
T+, and yet no anomalies is observed at T~ . This result 
suggests that the double peaks in the specific heat is as- 
cribed to the coexistence of superconducting phases with 
different T c 's rather than the successive change of a su- 
perconducting phase into another state at T~ ; the crystal 
with the double peaks contains a greater amount of the 
superconducting phase with T c + and a smaller amount of 
the the superconducting phase with T~ in comparison 
with the present crystal that shows a single peak at T~ 
in the specific heat. However, the origin of the difference 
in T c was still unclear. 

In Fig. 2, the difference between T c + and T~ as well 
as the transition width AT = Tg % — T w % becomes 
small at pressures between 0.30 GPa and 0.65 GPa where 
T c depends little on pressure. This result suggests that 
some inhomogeneous property, such as the strain field 
around crystallographic defects and a deviation from the 
stoichiometric composition, causes a variation in local 
pressure and the resultant T c difference according to the 
P — T c characteristics. Even if such a pressure variation 
exists, the difference in local T c becomes small and the 
transition becomes sharp, when the applied pressure is 
near P c and T c depends little on pressure. Since T c de- 
termined by specific heat measurements corresponds to 
T~ in this single crystal, a large part of the sample has 
T~ and a small part has T c + probably because of lower 
local pressures. One possible explanation for such a local 
reduction in pressure is a negative pressure caused by 
lattice defects or partial replacement of elements. 

The result that an increase in pressure reduces the 
transition width AT = T 90 % — T w % at least below 0.3 
GPa contrasts with what is observed in resistivity mea- 
surements; the onset temperature changes little, and the 
transition becomes broader 15 ) or shows a complex behav- 
ior 9 ) with increasing pressure. Since only a small amount 
of superconducting phase can cause a drop in resistivity, 
a trace of low pressure region (P <~ GPa) that is only 
detectable in resistivity measurements may still remain 
under pressure. 

Although ac diamagnetic susceptibility reflects bulk 
superconductivity in comparison with zero resistivity in 
the sense that the shielding current on the whole surface 
is detected, dc susceptibility measurements that detect 
the Meissner effect gives more information about bulk 
properties, as shown in Fig. 3. The measuring procedure 
is as follows. The sample was first cooled down to the 
lowest temperature in zero magnetic field and then H^c 
was applied. The diamagnetic susceptibility due to the 
shielding current was measured during the warming pro- 
cess up to temperatures well above T c (ZFC: zero-field 
cooled). In the same field, the Meissner effect was mea- 
sured during the cooling process (FC: field cooled). 

Apart from a slight decrease in T c due to a larger ap- 
plied field, the ZFC susceptibility shows a behavior simi- 
lar to the ac susceptibility \' in Fig. 1. The FC suscepti- 
bility, on the other hand, shows a complicated behavior. 
At ambient pressure, the increasing rate of the Meiss- 
ner effect with decreasing temperature slightly changes 
at about 0.5 K, indicating the second transition. When 
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Fig. 5. Temperature dependence of XMeis 



for the CePt 3 Si 
crystal, where XMeissner values at P = and 0.12 GPa are the 
same as FC (Field Cooled) Xdc in Fig. 3. At P > 0.30 GPa, FC 
Xdc at P = 1.19 GPa, which is shown in the inset, is subtracted 
from FC Xdc below 0.6 K in order to remove the paramagnetic 
contribution. 



Fig. 3. Temperature dependence of Xdc under different pressures 
for the CePt3Si crystal, as obtained by the field-cooled and the 
zero-field cooled methods. The applied fields is 0.12 Oe. 
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Fig. 4. Temperature dependence of Xdc under different pressures 
for a CePtaSi polycrystal, as obtained by the field-cooled and 
the zero-field cooled methods. The applied field is 0.12 Oe. 



pressure is applied, the second transition is difficult to 
observe in FC susceptibility measurements probably be- 
cause the superconducting transition becomes sharp. In 
addition, a paramagnetic signal appears below 0.6 K at 
pressures above 0.3 GPa, which is canceled out by a dia- 
magnetic (Meissner) signal below T c . The magnitude and 
the temperature where the paramagnetic signal appears 
depends little on pressure. 

In order to test whether the observed paramagnetic 
anomaly is ascribed to bulk CePt 3 Si or some impurity 
phase, we have measured dc susceptibility of a poly crys- 
talline sample, as shown in Fig. 4. The paramagnetic sig- 
nal that appears under high pressures in Fig. 3 has not 
been observed for the polycrystalline sample, indicating 
that it is a sample-dependent property. The paramag- 
netic signal for the single crystal is remarkable only in 
the FC susceptibility and resembles the ferromagnetic 
anomaly that is observed at 3 K for samples with small 
variations in the composition of Cei+^Pts+j/Sii+z. 14 ^ 



Considering also the complexity of the Ce-Pt-Si ternary 
phase diagram, 17 ) a trace of some second phase may 
cause the paramagnetic anomaly observed only for the 
single crystal. Other differences between the two sam- 
ples will be discussed later. 

In the field-cooling process in Fig. 3, the paramag- 
netic signal that appears above 0.30 GPa shows almost 
the same temperature dependence until the supercon- 
ducting transition starts. Since at P— 1.19 GPa only a 
slight change due to superconductivity is observed below 
0.12 K, we regard FC Xdc at P= 1.19 GPa below 0.6K as 
the underlying paramagnetic contribution and subtract 
it from FC Xdc at P > 0.30 GPa to extract the Meissner 
effect. The result is shown in Fig. 5. It is obvious that 
the paramagnetic contribution is overestimated for \dc 
at P= 0.30 GPa and the Meissner fraction — 47TXMeissner 
should be a little smaller. The result that the Meissner 
fraction at the lowest temperatures is almost the same 
between P=0.12 and 0.30 GPa suggests that the emer- 
gence of the paramagnetic signal does not change the 
magnitude of the Meissner effect. In contrast, the abrupt 
increase in the Meissner effect between P=0.30 and 0.65 
GPa is clearly seen, indicating that it originates from the 
disappearance of antiferromagnetism at P c — 0.6 GPa. 

Even if the whole volume is superconducting, the 
Meissner fraction in real samples of type-II supercon- 
ductors is usually much smaller than 1 because of vortex 
pinning. The result that the Meissner fraction at ambient 
pressure has not changed before and after the applica- 
tion of pressure suggests that the abrupt increase above 
P c can not be attributed to pressure-induced irreversible 
change of the lattice that acts as a pinning site. Since 
vortex pinning occurs by the local variation of the free 
energy of a flux line that depends on coherence length £, 
penetration depth A and critical field H c , the disappear- 
ance of antiferromagnetism may cause an abrupt change 
in these superconducting properties. One possible expla- 
nation for such a change is that some of the nodes in the 
energy gap of CePtaSi vanish when antiferromagnetism 
disappears. 16 ) 

In Fig. 4, the polycrystalline CePtsSi under pressure 
shows a less decrease in the onset temperature and conse- 
quently a broader transition width than the single crys- 
tal, suggesting that the polycrystalline sample is less ho- 
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mogeneous with respect to local pressure than the single 
crystal. A partial transition at 0.3 K may be explained by 
the P — T characteristics in Fig. 2; the pressure range in 
which T c is close to 0.3 K is relatively wide, so that many 
parts tend to have local pressure values in this range and 
the transition at 0.3 K occurs. This may also explain the 
drop of the onset temperature from 0.8 K to 0.3 K ob- 
served in resistivity measurements under pressure. 9 ) 

Since the grain boundaries in a polycrystal act as ad- 
ditional pinning sites, the Meissner fraction tends to be 
smaller than that of a single crystal, as seen in Figs. 4 
and 5. They may also prevent the increase in the Meiss- 
ner fraction above P c ; even if more magnetic fluxes are 
expelled from the crystal grains by the absence of anti- 
ferromagnetic order, the grain boundaries probably trap 
at least a part of them. The comparison of FC %dc well 
above P c indicates that the Meissner fraction at P = 0.80 
GPa is larger than that below P c at the lowest temper- 
atures for the single crystal, while the Meissner fraction 
at P = 0.83 GPa is smaller than that below P c for the 
polycrystal, although both samples show about 90 % of 
full diamagnetism in ZFC Xdc- Moreover, the onset of 
superconductivity in ZFC Xdc is 0.3 K for the polycrys- 
tal, indicating a certain amount of the superconducting 
phase may still coexist with antiferromagnetism. The in- 
homogeneous distribution of local pressure together with 
the vortex pinning at the grain boundaries in the poly- 
crystal makes it difficult to observe the anomalies near P c 
that appeared for the single crystal: the decrease in the 
transition width and the change in the Meissner fraction. 

4. Conclution 

In conclusion, ac and dc magnetic susceptibility mea- 
surements of CePtaSi under pressure have revealed that 
the decrease in the slope of the pressure dependence of 
T c and the decrease in the superconducting transition 
width occur at about the critical pressure P c where co- 
existing antiferromagnetism vanishes. The large transi- 
tion width and the sample-dependent second transition 
at ambient pressure are well explained on the assump- 
tion that a spatial variation of local pressure exists in 
CePtsSi. Another anomaly near P c , that is, the abrupt 
increase in the Meissner fraction above P c provides some 
information on the relation between superconductivity 



and antiferromagnetism. 
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